Abstract. We present details of the analysis of the nonlinear quality of life index for 171 countries. This index is based on four indicators: GDP per capita by Purchasing Power Parities, Life expectancy at birth, Infant mortality rate, and Tuberculosis incidence. We analyze the structure of the data in order to find the optimal and independent on expert's opinion way to map several numerical indicators from a multidimensional space onto the one-dimensional space of the quality of life. In the 4D space we found a principal curve that goes "through the middle" of the dataset and project the data points on this curve. The order along this principal curve gives us the ranking of countries.
The measurement of the quality of life is very important for economic and social assessment and also for public policy, social legislation, and community programs. "There is a strong need for a systematic exploration of the content, reach, and relevance of the concept of the quality of life, and ways of making it concrete and usable" [1] .
Many of the existing indices of quality of life (for example, The Economist Intelligence Unit's quality-of-life index and The Life Quality Index, LQI) are not free from certain problems and biases. For example, LQI uses a parameter K which cannot be justified from data and should be used ad hoc for each group of countries, thus, already introducing bias in the estimation. From the other hand, The Economist Intelligence Unit's index is based on expert-based surveys of the "life satisfaction" that are inevitably biased by psychological and linguistic intercultural differences. Probably, as a result of such biases, relative rankings of some countries are counterintuitive (for example, Russia is ranked below Turkmenistan and Kyrgyzstan).
In our paper [2] we attempted to analyze the structure of the data that are commonly used for quantifying the quality of life, in order to find the optimal and independent on expert's opinion way to map several numerical indicators from a multidimensional space onto the one-dimensional space of the quality of life. In this paper we present an additional case study using only publicly available data taken from GAPMINDER statistical data compilation [3] .
For illustrating the principle of the index construction, it was decided to use four GAPMINDER indicators for 2005 year:
1. Gross Domestic Product per capita by Purchasing Power Parities, $ per person 2. Life expectancy at birth, years 3. Infant Mortality Rate (per 1000 born) 4. Infectious Tuberculosis, new cases per 100,000 of population, estimated.
The details of computing and collecting these values are available from GAPMINDER web-site [3] .
The advantage of using these four indicators is also in that they are well-defined and assessed for the vast majority of modern states. Of course, these indicators are widely used, for example, in the most celebrated Human Development Index [4] [5] [6] but we use an unsupervised nonlinear Principal Component Analysis [8, 9] instead of direct construction of index by experts, in order to reduce arbitrariness of these constructions. We avoid using more sophisticated indicators like Divorce rate or Rate of church attendance because the interpretation of their impact onto quality of life is not so obvious. In that sense, we are closer to the Physical Quality of Life Index [7] . We use the Gross product together with direct physical (physiological) indicators because it reflects the wealth of the countries and the spectrum of the possibilities for people to build their life.
The data were rescaled to z-values (such that the variance for each variable would equal unity). Exploratory analysis performed with use of Principal Component Analysis, produced the distribution shown at the Fig. 1 . This distribution allows us to make a conclusion that no linear function exist that can equally well serve for reducing the dimension of this space from 4 to 1. The distribution is intrinsically curved, hence, any linear mapping will inevitably give strong distortions in one or other region of dataspace.
There is a simple reason for this in the data set structure. Observing Fig. 1 , it is easy to realize that all countries can be roughly separated in two groups. The first group consists of very wealthy countries, mostly from Western and Nothern Europe, USA, Australia and some others (right branch of the distribution on the Fig.1 ). It happens that the most of variation among these countries can be attributed to the gross product per capita feature while others are approximately equal for them and do not contribute significantly to the variance.
The second group (left branch of the distribution on Fig. 1 ) consists of very poor countries (mostly, African), which are "equally poor" in terms of the gross product per capita but can be very different in terms of their problems (lower of higher life expectancy, level of infectious diseases, conditions of the state health system), for a number of reasons (wars, difference in internal politics, etc.).
However, this classification in two classes is not perfect: in fact, there are many countries which are localized in the non-linear junction between these two branches of the 4-dimensional distribution. This intermediate group includes, for example, most of the Post-Soviet countries.
We have constructed a principal curve approximating the curved data distribution in the four-dimensional space (red line on Fig. 1 ), using the Elastic Map approach. The advantage of using the principal curve instead of principal line was significant in term of Mean-Squared Error (86% vs 76% of explained variance).
The projection of a country onto the principal curve served as a value of the Nonlinear index of Quality of Life (NQL) in the range from -1 (left end of the curve) to +1 (right end of the curve). The order of these projections serves for ranking of countries (Table 1) .
Importantly, using the non-linear index for non-linear one-dimensional dimension reduction can significantly change the absolute and relative rankings for many countries, including Russia. Thus, for the index, constructed using the first principal component, Russia ).
In our approach, the value of GDP per capita is important but does not dominate over the physical quality of life indicators. For example, Equatorial Guinea has big GDP per capita (higher than Iran, for example), nevertheless, it is ranked rather low, as #151 among 171 countries. Russia (#79) has higher GDP per capita than 23 preceding countries (## 56-78) but worse physical quality of life (lower Life expectancy and higher Tuberculosis incidence) moved Russia to #79.
The method of Principal manifolds is presented in detail in the book of reviews [10] . 
